Dermatitis herpetiformis (DH) is an autoimmune bullous disease characterized by intensely pruritic, chronic, and recurrent vesicles on extensor surfaces such as the elbows, knees, and buttocks. The collection of neutrophils at the papillary tips is the typical histopathological finding, and a characteristic diagnostic feature is granular immunoglobulin A deposition in the papillary dermis by direct immunofluorescence. DH is closely associated with gluten sensitive enteropathy and is considered a cutaneous manifestation of gluten sensitivity; i.e., an extra-intestinal presentation of celiac disease. Gluten free diet is the first-line therapy for patients with DH and dapsone is also effective. DH preferentially affects Caucasians who carry human leukocyte antigen (HLA)-DQ2 or HLA-DQ8. The major autoantigen is epidermal transglutaminase. This review focuses on the confirmedfeatures of DH and our recent findings specific to DH in Japanese patients.
1,000,000 individuals [5] [6] [7] . By contrast, DH is rare among Asian and African populations [8, 9] . DH commonly develops in the second, third, and fourth decades, but it may appearin children or aging adults [7, 8, [10] [11] [12] . DH is more common in men than women, with a male-to-female ratio of 1.5:1 [7, 8] . DH closely associated with gluten sensitive enteropathy (GSE), the symptoms of which range from severe to silent [13] . However, small bowel biopsy is unnecessary for diagnosing DH because the disease is the cutaneous counterpart of CD [2, 14] . Compared with the general population, DH patients have a higher incidence of CD and DH among first-degree relatives. A Finnish population study reported that 13.5% and 4.6% of DH patients have first-degree relatives affected with CD and DH, respectively [15] . In contrast to Caucasian patients, Japanese DH patients usually do not have GSE [8, 9] . However, controversy exists regarding the rarity of GSE in Japanese DH patients because a few patients were reported to have villous atrophy in a small bowel biopsyand small intestine of most of Japanese DH patients were not examined endoscopically nor histopathologically [8] . Moreover, GSE can be asymptomatic in Caucasian DH patients [11] . More knowledge about the small bowel mucosal alterations may be required to fully elucidate the association between Japanese DH patients and GSE, but most of Japanese DH patients, particularly who do not have abdominal symptoms, usually refuse examinations of small intestine.
Introduction
Dermatitis herpetiformis (DH) was first reported by Duhring in 1884 [1] . Patients with DH develop intensely pruritic papulovesicular skin lesions predominantly on the elbows, knees, and buttocks [2] . DH is associated with enteropathy, and both are caused by gluten intake. Celiac disease (CD), another gluten sensitivity disease, and DH have common characteristics such as close association with human leukocyte antigen (HLA)-DQ2 and HLA-DQ8, and immunoglobulin (Ig) A autoantibodies to tissue transglutaminase (tTG: transglutaminase 2) and epidermal transglutaminase (eTG: transglutaminase 3) [3, 4] . Therefore, DH is considered an extraintestinal presentation of CD. This review details recent advances in understanding the pathogenesis, clinical manifestations, diagnosis, and treatment of DH.
Epidemiology
DH is most prevalent among the Caucasian population, particularly those of northern European descent, including the North American population. The prevalence ranges from 10 to 39 per
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Clinical Manifestations
Severe pruritus is the principal clinical manifestation in DH. The characteristic clinical manifestations of the illness are grouped polymorphic lesions consisting of erythematous papules surmounted by vesicles, erosions, and excoriations ( Figure 1a ) [2, 8] . Large bullae are unusual, and only crusted lesions may be observed without apparent vesicles. The most commonly involved sites are the extensor surfaces of the elbows (Figure 1b ) and the knees (Figure 1c) , as well as the shoulders, buttocks, sacral region, and face [2, 8] . Most patients also have lesions in the scalp and the nucha. Lesions are symmetrical and heal with hyperpigmentation and/or hypopigmentation without scarring. Mucosal involvement may occur [30] .
Laboratory Tests
Biopsy of an early lesion shows collections of neutrophils at the papillary tips with occasional eosinophilic infiltrate ( Figure 2a ). DIF reveals non-linear (mostly granular, or fibrillar) IgA deposition in the papillary dermis ( Figure 2b and Figure 2c ) [31, 32] . IgA deposition along the basement membrane zone maysometimes occur [2] . Compared with that in lesional skin, IgA deposition is greater in normal appearing perilesional skin, and these deposits disappearslowly with adherence to a strict gluten free diet (GFD) [32] . Complete resolution of IgA deposition may take several years [2] . Although the deposition in most Caucasian patients has a granular pattern, that in more than one-third of Japanese patients has afibrillar pattern [8] . IgG, IgM, and C3 are also deposited in the lower percentages [33] . Indirect immunofluorescence reveals no reactivity [23] .
Tests for IgA antibodies to eTG, tTG, and endomysium are useful diagnostic tools for DH [2, 16] . tTG is the major antigen for antiendomysium antibodies [18] . eTG, rather than tTG, is considered the dominant autoantigen in DH [18] . IgA anti-eTG antibodies are of two types in DH. One type binds exclusively to eTG, and the other binds cross-reactively to both eTG and tTG [14] . High sensitivity (60-80%) and specificity (90-100%) of anti-eTG antibodies have been reported in Caucasian DH patients [34, 35] . By contrast, the detection rate for IgA anti-tTG and anti-eTG antibodies is much lower in Japanese DH patients [9] . The levels of IgA anti-eTG and anti-tTG antibodies correlate with the degree of enteropathy [16] . One case the characteristic pattern of human granular IgA deposition in dermal papillae by transferring DH serum with high levels of IgA anti-eTG antibodies [23] . Because the only source of human eTG in this system is the human epidermis adjacent to the immune deposition. Zone, et al. concluded that eTG was released from keratinocytes into the papillary dermis, and this deposition process explained the negative indirect immunofluorescence results observed with DH serum.
A recent study showed that the number of regulatory T cells (Tregs) in DH skin lesions is significantly lowerthan that in healthy skin [24] . This reduction of Tregs may suppress the downregulation of the inflammation caused by the deposition of IgA anti-eTG antibodies in the papillary dermis. DH skin lesions show infiltration by CD4+ T helper (Th) cells that belong to the Th2 phenotype. Interleukin 4, interleukin 5, and granulocyte macrophage colony-stimulating factor secreted by Th2 cells are powerful chemotactic agents for neutrophils and eosinophils [25] . Neutrophilic infiltrate in the papillary dermis is suggested to lead to the release of cytokines, chemokines, and proteases as well as induce collagenases or stromelysin-1 in basal keratinocytes, which lead to blister formation [26, 27] .
Approximately 85% of patients with DH carry HLA-DQ2 (DQB1 * 02:01), and the majority of the remaining patients carry HLA-DQ8 (DQB1 * 03:02) [3] . The processing of the dietary gluten antigen (gliadin) requires HLA DQ2 or HLA DQ8 [28] . CD and DH in the Caucasian population virtually always occur with these HLA types. However, our study of DH in Japanese patients showed that only 37.5% carried HLA-DQ8 and none carried HLA-DQ2 [9] . The absence of HLA-DQ2 in Japanese DH patients is likely attributable to the virtual absence of HLA-DQ2 in the Japanese population [29] . CD is rare in Asian countries because both wheat consumption and the frequency of HLA-DQ2 are low [29] . These factors may also explain the low prevalence of DH in Asia.
Given that the prerequisite HLA type for gluten antigen processing is scarce in the Japanese population, gluten may be unlikely to initiate DH in Japanese patients [9] . Because no consistent evidence of underlying CDhas been found in Japanese patients with DH [8, 9] , factors other than gluten may be responsible for the IgA/eTG complexes observed in these patients. In addition, findings of patients who lack evidence of IgA/Etg complexes in either skin or serum suggest that other autoantigens play a role in DH in Japanese patients [9] . study reported that IgA anti-eTG antibody levels decreased over time with adherence to GFD, which suggests that testing for IgA anti-eTG antibodies may be useful to monitor disease activity [35] .
Comorbidities
DH is closely associated with gluten sensitivity [36] . Compared with CD patients, DH patients usually have milder gastrointestinal symptoms [37, 38] . Atrophic gastritis sometimes occurs and may be a precursor to pernicious anemia [39] . Untreated patients may develop malabsorption, and consequently, anemia and bone loss [40] . Small bowel lymphoma can develop owing to GSE [41] . In addition, nonHodgkin lymphoma can occur in patients with DH [42, 43] . DH is associated with a number of autoimmune conditions, including thyroid disease [44] , type I diabetes mellitus [45, 46] , and autoimmune connective tissue diseases such as Sjogren syndrome [45] , rheumatoid arthritis [47] and lupus erythematosus [48] . Addison disease [45, 49] and vitiligo [50, 51] have also been associated with DH. Although neurologic diseases, including epilepsy, ataxia, and dementia, have been reported in patients with CD [52] , no evidence to date supports an association between neurologic disease and DH [53] . Most Japanese DH patients have rarelyGSE, lymphoma or autoimmune diseases [8, 9] .
Differential Diagnosis
Because DH is characterized by polymorphic lesions, the differential diagnosis includes various skin diseases such as chronic eczema, atopic dermatitis, scabies, pemphigoid, and linear IgA bullous dermatosis. DIF differentiates DH from these diseases. A skin biopsy for DIF should be considered for refractory pruritic rashes even if no apparent gastrointestinal symptoms are found.
Recently described nonceliac gluten sensitivity (NCGS) may involve the skin [54] . The skin lesions of NCGS are pruritic and similar to those of subacute eczema, psoriasis, or DH [55] . A recent study identified C3 deposition at the basement membrane zone in a granular or micro-granular pattern in DIF of NCGS lesions despite the absences of specific histopathological changes [55] . Because the entity of NCGS remains controversial, further study is necessary to elucidate its characteristic skin mainfestations.
Treatment
GFD is the first-line therapy for DH [56] [57] [58] , and may protect against the development of lymphoma. Because strict GFD adherence is time-consuming and requires extensive knowledge of food ingredients, patients should be encouraged to consult with a dietitian and join DH support groups. Gluten comprises the proline-and glutamine-rich proteins of wheat, barley, rye, and oat. However, a recent study revealed that oats can be safely consumed by individuals with DH [59] [60] [61] , likely because (1) compared with the gluten-like molecules in the other cereals, those in oats have only two antigenic sequences, and (2) the amount of gluten in oats is much lower than that in the other cereals [62] .
Because improvements in DH symptoms related to GFD adherence require a long period-months to years-to occur, patients are usually prescribed dapsone (25-150 mg/day) for fast control of pruritus and blister formation [63] . Although dapsone is effective in skin lesions because it suppressesthe migration of neutrophils to extravascular sites [64] , it does not improve GSE. The adverse effects of dapsone administration, including hemolytic anemia, should be monitored. Other sulfonamide drugs have effects similar to those of dapsone and can be used in dapsone-intolerant patients [65, 66] .
Systemic corticosteroids are ineffective, whereas potent topical steroids are useful in decreasing pruritus. Although adherence to a GFD is the cornerstone of DH management in Caucasian patients, most Japanese DH patients improve without GFD [8, 9] . This outcome may be attributable to the rare occurrence of GSE in Japanese DH patients, who can be successfully treated with dapsone with or without topical corticosteroids. Five patients required only severalmonth administration of dapsone to clear the skin lesions, and the lesions did not recur after ceasing dapsone [8] . If these patients had GSE, their skin lesions should have recurred after cessation of dapsone. These patients may well represent rare occurrence of GSE amongJapanese DH patients.
Prognosis
DH is a chronic disease that requires long-term GFD adherence. Those who can comply with good response are likely to have reduced mortality [67] and may be able to stop dapsone treatment. Although patients with CDwho respond poorly to a GFD may have high mortality and shortened survival time [68] , DH patients who is nonresponsive to a GFD have relatively favorable prognosis [69] . DH remission is recognized in approximately 10% of patients, most of whom developed DH at the age of 39 years or older [70] .
Conclusions
Clinicians can use guidelines to optimize the diagnosis and management of DH. However, although several guidelines for DH have been published [2, [71] [72] [73] , only one is available in English [2] . These guidelines were established for Caucasian patients, in which DH is most commonly diagnosed. Because the features of DH in Japanese patients and Caucasian patients differ, particularly in the virtual absence of GSE, GFD is rarely necessaryto treat Japanese patients with DH. Additional studies of patients with DH in other Asian countries or in African countries would be useful to elucidate the features of DH further.
